and chronobiotic effects; however, its analgesic effect remains controversial. [5] [6] [7] [8] The melatonin has been reported to be used as a premedicant in a dose range of 3-15 mg given orally or sublingually 50-90 min preoperatively. The peak effect of oral melatonin ranges from 60 to 150 min. [7, 8] Various studies have been reported which compared midazolam with melatonin; however, a very few studies have compared alprazolam with melatonin. Hence, we hypothesized that melatonin (6 mg) when given orally as a premedication 120 min before the induction of anesthesia would provide adequate anxiolysis and arousable sedation with no effect on cognitive and psychomotor function along with stable hemodynamics and minimal side effects. In this study, we planned to compare the effects of oral melatonin and alprazolam as a premedication on various parameters including anxiety, sedation, orientation, and cognitive function.
MateRials and Methods
This prospective, randomized comparative study was conducted after clearance from local Institutional Ethical Committee in patients scheduled for various elective surgeries under general anesthesia. After valid written and informed consent, a total of 90 adult patients aged 18-60 years with the American Society of Anesthesiologists (ASA) physical status Classes 1 and 2, posted for various elective surgeries of >1 h duration under general anesthesia, were included in this study.
The study participants were randomly allocated into three groups of 30 patients each using computer-generated table of random numbers.
• Group M (n = 30) received oral melatonin 3 mg (2 tablets) 120 min before induction of anesthesia • Group A (n = 30) received oral alprazolam 0.25 mg (2 tablets) 120 min before induction of anesthesia • Group P (n = 30) received oral low-dose multivitamin tablets (2 tablets) 120 min before induction of anesthesia.
Patients with ASA physical status classes 3 and above, age >60 years, patients having allergy to any of the study drugs, pregnant women, patients with any mental illness, patients on steroids and antipsychotics, patients unable to read or write basic alphabets, patients with uncontrolled hypertension and diabetes were excluded from the study.
All patients underwent thorough preanesthetic check-up along with routine investigations before the surgery and explained about the anesthetic technique and perioperative course. All the patients were kept nil per oral for a minimum duration of 8 h before surgery. On the day of surgery, a written and informed consent was taken from all the patients after explaining about the nature of the study, various scales that were used in the study and were counseled regarding general anesthesia procedure which was used in the study. The visual analog scale (VAS) anxiety score, Ramsay Sedation Score (RSS), orientation score, the objective tests for cognitive performance such as Digit symbol substitution test (DSST) were explained to them and patients were asked to do it in a sample test.
The anxiety score was assessed using VAS anxiety score [9] which is equivalent to VAS score as used for pain on a 10 cm linear scale, one end "0" = no anxiety and other end "10" = worst imaginable anxiety was marked and patient was asked to put his/her finger in between the two according to the level of anxiety. Sedation was assessed with RSS: The DSST [ Figure 1 ] is a test to assess the psychomotor performance of a patient who was provided a pencil and paper with a sheet which has a key grid of numbers and matching symbols and a test section having numbers and empty boxes. This sheet of paper has a key with numbers 1-9 on its top and a different symbol was assigned to each number. There were five rows of 25 randomly distributed numbers without their corresponding symbol as empty boxes. After duration of 90s, the number of empty boxes filled up by the patient from left to right was counted, and a score was given for the number of correct symbols inserted. The decreased DSST scores were in favor of cognitive dysfunction. [10, 11] The primary outcome measure was anxiety score while the secondary outcome measures were sedation score, orientation and cognitive and psychomotor functions.
The patients were shifted to the preoperative area in the operation theater 2 h before surgery. The various hemodynamic parameters including heart rate (HR), noninvasive blood pressure (NIBP), and oxygenation (SpO 2 ) were recorded thereafter. The patient's level of anxiety and sedation along with orientation and cognitive functions (DSST) were assessed before giving the study medications. The study medications (tablets) were given to the patient 120 min before induction of general anesthesia according to the group allocation in a closed, opaque identical-sealed envelope by the resident anesthesiologist. The patients were asked to take the study medication orally with a sip of water only. The patients were evaluated again using the above-mentioned parameters and tests. The side effects, if any occurred during this period, were also noted.
After arrival of the patient in operation theater, peripheral intravenous (iv) line (18 G) was secured and Ringer lactate infusion was started. A multipara monitor was attached thereafter to record baseline HR, NIBP, and SpO 2 . All patients were given glycopyrrolate 0.004 mg/kg iv and tramadol 2 mg/kg iv as a premedication, and preoxygenation was done with 100% O 2 for 3 min. General anesthesia was induced with etomidate 0.2 mg/kg iv slowly till loss of response to verbal commands and eyelash reflex then succinylcholine 2 mg/kg iv was administered followed by bag and mask ventilation for 60 s. The patient was intubated thereafter with appropriate-sized cuffed endotracheal tube and maintained with atracurium 0.5 mg/kg loading dose and 0.01 mg/kg maintenance dose along with sevoflurane (2%) and nitrous oxide (N 2 O):Oxygen (O 2 ) in 40:60 mixture. Paracetamol 15 mg/kg iv in 100 ml normal saline was administered slowly 15 min before completion of surgery. At the end of surgical procedure, reversal was done with neostigmine 0.05 mg/kg and glycopyrrolate 0.008 mg/kg iv, and patient was extubated thereafter after complete recovery from general anesthesia.
Statistical analysis
Statistical analysis was done using SPSS version 20 (IBM SPSS Statistics Inc., Chicago, Illinois, USA). Based on the previous studies, a sample size was calculated to be 30 patients to be randomly allocated in each group keeping a power of 0.8, α error of 0.05 and allowing for study error and attrition. [12] [13] [14] [15] Descriptive statistics included computation of percentages, means, and standard deviations. The paired t-test (for quantitative data to compare before and after observations), analysis of variance (ANOVA) (for quantitative data within three groups) with post hoc Bonferroni test (to make more intragroups comparison) and repeated measures ANOVA (for quantitative data within three groups at different time interval) were used for comparison of all clinical indicators. Chi-square test was used for the comparison of qualitative data. P ≤ 0.05 was considered statistically significant.
Results
The three groups were comparable with respect to demographic profile including mean age, sex, weight, and ASA physical status, P > 0.05 [ Table 1 ].
In Group M, VAS anxiety score was 0-3 in none of the patients, 4-6 in 27 (90%) patients and 7-10 in 3 (10%) patients, just before oral melatonin intake whereas it was 0-3 in 12 (40%) patients, 4-6 in 16 (53.3%) patients and 7-10 in 2 (6.7%) patients, and 120 min after melatonin intake. Mean VAS score was significantly reduced (4.9 ± 1.02-3.9 ± 1.52, before and after 120 min of melatonin intake, respectively) (P = 0.005), [ Table 2 and Figure 2 ]. Similarly, in Group A, VAS anxiety score was 0-3 in none of the patients, 4-6 in 26 (86.7%) patients, and 7-10 in 4 (13.3%) patients, just before intake of oral alprazolam whereas it was 0-3 in 8 (26.7%) patients, 4-6 in 18 (60%) patients, and 7-10 in 4 (13.3%) patients, 120 min after intake. Mean VAS score was 4.93 ± 1.41 before intake of alprazolam which was reduced to 4.43 ± 1.67, 120 min after intake, which was statistically significant (P = 0.01), [ Table 2 and Figure 3 ]. In Group P, VAS anxiety score was found to be statistically insignificant after 120 min of giving multivitamin tablet (P = 0.8), [ Table 2 and Figure 4 ].
On intergroup comparison, VAS anxiety score (after 120 min of premedication) was significantly reduced in Group M and Group A when compared to Group P (P < 0.05). However, VAS score was also statistically significant between Group M and Group A (P < 0.05), [ Table 3 ].
In Group M, RSS was 1 in 17 (56.7%) patients, 2 in 13 (43.3%), and 3 in none of the patients, just before intake of oral melatonin whereas it was 1 in 6 (20%) patients, 2 in 18 (60%) patients, and 3 in 6 (20%) patients, 120 min after melatonin intake. Mean sedation score was 1.43 ± 0.504 just before intake of melatonin, which was increased to 2.0 ± 0.64, 120 min after intake, which was statistically significant (P = 0.001), [ Figure 2 ]. In Group A, RSS was 1 in 22 (73.3%) patients, 2 in 8 (26.7%) patients, and 3 and 4 in none of the patients before intake of alprazolam but none of the patients had score 1, 13 (43.3%) patients had score 2 while 13 (43.3%) patients had score 3, and 4 (13.3%) patients had score 4, 120 min after intake. Mean sedation score was 1.26 ± 0.44 just before alprazolam intake which increased to 2.7 ± 0.7, 120 min after intake, which was statistically significant (P = 0.001), [ Table 2 and Figure 3 ]. In Group P, no significant difference in sedation was found on intragroup comparison (P > 0.05), [ Figure 4 ].
A significant difference was noted in RSS on the intergroup comparison (after 120 min of premedication) in all the three groups (P < 0.05). The sedation scores were significantly more in alprazolam group when compared to both melatonin and placebo groups [ Table 3 ].
In Group M, orientation score was 2 in 30 (100%) patients just before intake of melatonin which remained same after 120 min while in Group A, orientation score was 2 in 30 (100%) patients before intake of alprazolam which was reduced to 1 in 2 (6.7%) patients and remained 2 in 28 (93.3%) patients, 120 min after intake. Mean orientation score was 2 just before alprazolam intake which was decreased to 1.93 ± 0.25, 120 min after intake, (P = 0.16), [ Figure 3 ]. In Group P, orientation score was 2 in 30 (100%) patients just before intake of the multivitamin tablet which remained same after 120 min [ Table 2 and Figure 4 ]. No significant difference was noted in orientation scores in between the three groups (P > 0.05).
In Group M, DSST score was 17.86 ± 10.24 just before melatonin intake which was increased to 22.36 ± 12.78, 120 min after intake, which was statistically significant (P = 0.001), [ Figure 2 ]. While in Group A, DSST score was 19.3 ± 8.86 just before alprazolam intake which was significantly reduced to 15.7 ± 9.28, 120 min after intake (P = 0.001), [ Figure 3 ]. In Group P, DSST score was found to be statistically insignificant both before and after giving premedication as placebo (P = 0.76), [ Table 2 and Figure 4 ]. The cognitive function (DSST score) was significantly improved in Group M when compared to Group A. A significant difference was also found in DSST scores between Group A and Group P as this score was significantly reduced in alprazolam group (P < 0.05), [ Table 3 ]. However, no significant difference was noted between melatonin and placebo groups.
discussion
Benzodiazepines are usually the most common drugs used as a premedication to alleviate preoperative anxiety. They enhance the effect of neurotransmitter gamma amino butyric acid (GABA) on GABA A receptor to produce anxiolysis, sedation, amnesia, and anticonvulsant effects. Benzodiazepines may impair cognitive and psychomotor performance. Alprazolam at doses of 0.5 mg and higher has been reported to impair immediate and delayed recall and recognition. [3, 4, 16] Melatonin in a dose of 1-5 mg has been reported to increase 10-100 times more plasma levels than the endogenous night time levels. Melatonin (3-6 mg) when given orally has also been reported to produce significant anxiolysis and sedation at 60-120 min after premedication with a calm, tranquil patient along with stable hemodynamics and minimal side effects which favors to choose a dose of 6 mg in our study. [2, [5] [6] [7] 12] The reported literature of the effect of melatonin on the orientation score with respect to time and place is variable but it remained preserved in perioperative period of our study. Various studies have reported that melatonin lacks anterograde amnesia which is a desirable feature of this drug to be used as premedication. [7] Significant reduction in anxiety score was found in Group M and Group A as compared to Group P and reduction was more effective in patients having VAS anxiety score between 4 and 6 before premedication. However, the reduction in the level of anxiety was greater in Group M as compared to Group A. Our study showed that reduction in anxiety was greater in melatonin group when compared to alprazolam group which was supported by study done by Pokharel et al. [13] who reported that VAS anxiety scores were significantly reduced from their baseline scores at various time intervals in all the groups except in placebo group; however, they compared the combination of melatonin and alprazolam and melatonin (3 mg) or alprazolam (0.5 mg) alone.(P < 0.001) Ionescu et al. [17] reported that oral melatonin (3 mg) when used as a premedication in laparoscopic cholecystectomies produced significant anxiolysis at this dose. This was also supported by Mowafi and Ismail, [18] who reported that melatonin provides anxiolysis, enhances analgesia, and promotes better operating conditions during cataract surgery under topical anesthesia as melatonin significantly reduced the anxiety scores (median, interquartile range) from 5 (3.5-6) to 3 (2-3) after premedication and to 3 (2-3.5) during surgery (P = 0.04 and P = 0.005 compared with the placebo group, respectively). Naguib and Samarkandi [14] compared melatonin and midazolam for premedication in adult patients and showed that 0.05 mg/kg melatonin was associated with preoperative anxiolysis and sedation without impairment of cognitive and psychomotor skills or affecting the quality of recovery which favors the use of melatonin (6 mg) in our study as it provided significant anxiolysis and adequate sedation along with preserved cognitive and psychomotor function which is desirable for these patients. However, in contrast to our study, Patel and Kurdi [15] compared the effects of oral melatonin and midazolam on preoperative anxiety, sedation, cognitive, and psychomotor functions and found both drugs comparable regarding reducing anxiety; however, they had used melatonin in a dose of 0.4 mg/kg which is higher than our dose. De Witte et al. [4] reported that alprazolam may be an effective alternative to midazolam to reduce the anxiety with no amnesia; however, it may be associated with greater impairment of psychomotor function in the early postoperative period which needs to be avoided. Although our results showed significant reduction in VAS anxiety scores in melatonin group when compared to alprazolam group, some other studies also compared oral melatonin with midazolam and found comparable anxiety scores in two groups which is in contrast to our study. [12, 14, 17, 19] Our results showed that both melatonin and alprazolam caused significant sedation in patients as compared to placebo. Among Group M and Group A, melatonin caused less sedation than alprazolam. Our results are supported by the studies done by Naguib and Samarkandi [14] in which increased levels of sedation was found in the melatonin and midazolam groups compared with placebo that was evident at 60 and 90 min after premedication. Our study results were also supported by Pokharel et al., [13] who found significantly increased sedation scores in all the groups. The intergroup comparison in our study showed that alprazolam produces highest degree of sedation as compared to melatonin and placebo. Melatonin produced adequate arousable sedation which was very much desirable as against the deep sedation produced by alprazolam so the patients who received melatonin required less precise monitoring than patients who received alprazolam. [19] In our study, alprazolam caused change in orientation score in patients when compared to melatonin and placebo groups; however, there was no significant difference in orientation scores in all the three groups before and after giving study medications which are in concordance with the studies done by Patel and Kurdi and Pokharel et al. [13, 15, 19] Cognitive function is also one of the essential tools for the assessment of neurological and behavioral functions. Higher mental functions were assessed by DSST. [10, 11] There was decline in cognitive function in Group A as compared to Group P whereas the cognitive function was enhanced or maintained in Group M when compared to Group A and P. Melatonin was more effective in the maintenance of cognitive function as compared to alprazolam. Our findings were also supported by Patel and Kurdi [15] who studied the effects of oral melatonin and oral midazolam on cognitive and psychomotor functions and found the increased DSST scores in melatonin group used for assessing the cognitive function of the patients. This favors the use of melatonin as an effective alternative to alprazolam as it preserved the cognitive and psychomotor skills of the patient. [20, 21] As far as limitations of our study are concerned, the sample size was small as the inference drawn from this study population could not be extrapolated for patients with associated comorbid conditions and for obese patients. We did not measure the dose-response curves of plasma drug concentration for both of the study drugs because we had assumed a certain effect of each drug at its particular dose on the basis of available literature which might have resulted in variable results. Further studies needs to be conducted with different doses of melatonin and a larger sample size to find out an optimal and safe dose of oral melatonin as well as to prove its efficacy over benzodiazepines to be used as a premedicant.
conclusion
We conclude that melatonin is an effective alternative to alprazolam as oral melatonin (6 mg) when used as a premedication is found to be a better anxiolytic when compared to alprazolam with lesser sedation and preserved cognitive and psychomotor functions which are the desirable features of a drug to be used as a premedicant.
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